The roentgenographic demonstration of the salivary gland in the living human subject was first performed by ARCELIN in 1913 who successfully revealed a sialolith in Wharton's duct with a bismuth suspension. BARSONY (1925) diagnosed idiopathic dilatation of Stensen's duct in a 70-year-old man with a potassium iodide solution; the patient apparently experienced severe pain and developed transitory facial palsy following the injection. jACOBOVICI et colI. (1926) suggested the term 'sialographie' which has since been widely used to designate the
roentgenographic demonstration of the salivary glands and their ducts. CARLSTEN (1926) was the first to use Lipiodol for sialography and demonstrated dilatation of Stensen's duct with this method.
In spite of increasing experiences since its inception by ARCELIN, sialography has, as stated by HOLT, always been "a neglected stepchild of roentgen diagnosis". There seem to be two main explanations for the unpopularity of the procedure: (1) underestimation of its importance in the diagnosis and differential diagnosis of pathologic processes, not only in but also adjacent to the major salivary glands, and (2) the fact that it may cause pain and functional disturbances, as well as Submitted for publication 18 June 1968. . Acta Radiologica Diagnosis Vol. 8 (1969) changes, associated with the injection of contrast media, especially oily media, under high pressure.
In the early days a blunt needle or cannula was attached to a syringe and the medium injected into the salivary duct (ref. 1, 5, 10, 16) . The orifice of the salivary duct was usually enlarged with lachrymal dilators or graded filiform whalebone bougies prior to the insertion of the needle or cannula; if necessary, the orifice was even slit. GULLl\fO & BO()K-HEDERSTROM made a special needle that prevented the medium from leaking into the oral cavity from between the needle and the duct wall. They also recommended the usc of polythcnc tubing, filled with the water-soluble medium and connected to the needle. The plastic tube ensured that the medium was introduced into the salivary gland under fairly constant 'hydrostatic pressure'. PARK & MASON (1966) described almost the same technique and stated that 'hydrostatic sialography' was superior to the 'hand injection method'. RUBIN & BLATT (1957) introduced a sialographic technique called 'secretory sialography'. They inserted a polythene tube with a metal stylet deep into the salivary gland, the orifice of which had been previously enlarged with lachrymal dilators. Upon the completion of the injection of Pantopaque (cthyliodophenylundecylate), the open end of the tube was plugged with a wooden stopper and roentgenograms were obtained. The tube was then withdrawn and the salivary gland stimulated by the chewing of a slice of lemon; a further roentgenogram was produced after the mouth had been rinsed.
Since CARLSTEN first used Lipiodol in sialography, iodinated oils, or similar media, such as Lipiodol-UItrafluid or Pantopaquc, have been considered as contrast media of choice in sialography by various workers (10, 12, 13, 16, 17) . The oily media may, however, because of their viscid nature, impair the function or even damage the tissues of the salivary gland (7) .
Water-soluble, iodinated organic compounds, such as Hypaque, Urografin, Triosil, have been tried in sialography by a few workers. Urografin 76 ' ic", the iodine concentration of which is 37 ' ic", should produce as excellent radiographic contrast as Lipiodol unless the former should be diluted by excessive saliva or leak into the oral cavity through the space between the wall of the duct and the needle.
The present authors first applied the catheter replacement technique (SEL-DINGER) in sialography in 1959. A polythene tube inserted into Wharton's duct was tightly held in place; there was no evidence of leakage of the contrast medium into the oral cavity. Since then this method has been used in a series of 160 sialographies. Approximately two-thirds of the material were parotid sialographies, the remaining third being submandibular sialographies. No attempt has been made to perform sialography of the sublingual glands.
Though none of the parotid sialographies was unsuccessful, submandibular sialography failed in eleven patients, because of their difficulty in opening the mouth, or inability of the operator to find the orifice of the Wharton's duct.
Urografin 76 7c and Lipidol-Ultrafluid have been employed in most of the sialographies, though Lipiodol, Pantopaque and Endografin have proved just as excellent as the first mentioned two contrast media.
Technique. Our technique is schematically illustrated in Fig. 1 . The metal guide is 0.7 mm in diameter and 15 em in length, its tip being blunted so as not to injure the mucous membrane of the salivary duct. The polythene tube, which is carefully disinfected, is tapered at its tip. The patient is placed in a chair and with face upwards. Neither general nor local anesthesia is required, though pre-medication with 35 mg or 70 mg meperidine may be indicated in nervous subjects.
The orifice of Stcnsen's duct lies opposite the upper second molar tooth and the opening of Wharton's duct at the sublingual caruncle. The insertion of the metal guide is not always easy especially in submandibular sialography. The tip of the guide can be advanced in Stcnscn's duct to the point where the duct is circumvented by the anterior border of the masseter muscle and in Wharton's duct, unless it is obstructed, to its posterior end. The polythene tube is then threaded on the metal guide and slid into the salivary duct. Some resistance may be encountered when the tip of the tube passes through the sphincter orifice of the duct. This is however easily overcome by a slight thrust upon the guide and tube together. The metal guide is withdrawn when the tube has been inserted deep into the salivary duct.
A needle with stopcock is attached to the polythene tube and the medium slowly injected under constant, low pressure; any air in the instruments must be completely removed prior to the injection. The amount of medium should be limited to 2.5 ml in parotid and 2.0 ml in submandibular sialography. On completion of the injection the stopcock is elosed and the syringe is disconnected.
Material and Results
The pathologic processes in the present series are divided into four groups, as follows: (I) sialolithiasis, (2) sialoadenitides or sialoadenoses, (3) salivary gland tumors and (4) tumors to be differentiated from salivary gland tumors (parasialomas).
Sialolithiasis
A salivary stone is not uncommon in adults and is characterized by painful swelling of the salivary gland, aggravated by the ingestion of food. A review of the literature by RAUCH disclosed that the incidence of calculus formation was highest in the submandibular gland or its duct (Wharton's duct), i.e. 83 l'jr. The incidence in the parotid gland, including Stensen's duct, was 10 l'jr and in the sublingual glands 7 l'jr ; it was higher in males than in females and uncommon in children of both sexes. Multiple stones occurred in 25 % of all the patients reviewed by RAUCH. Salivary calculi may be minute or very large or vary anywhere between these extremes (Figs 2, 3, 4 and 5). They were, however, in the present material mostly less than a cubic centimeter in volume and ranged from 0.1 to 1.0 gram in weight.
Sixteen patients of the present series had had submandibular sialolithiasis, nine being males and seven females, the ages ranging from 21 to 63 years of age (average 44.2 years). Five had multiple stones. Among a total of 24 verified calculi twelve were located in the extraglandular portion of Wharton's duct and ten calculi within the submandibular gland, including the intraglandular portion of Wharton's duct. The remaining two stones lay in the duct of the accessory gland. The right submandibular gland or its duct was affected in nine, and the left in seven patients. A homogeneous accumulation of contrast medium in a submandibular gland (Figs 3 and 4) is an indication of marked destruction of the parenchyma of the gland secondary to the incarceration of the stone in Wharton's duct. Simple lithotomy is, as a rule, insufficient in these cases, and complete removal of the submandibular gland, including Wharton's duct, may promise better result. Recurrence of sialolithiasis is not infrequent following the former procedure.
A filling defect caused by air can usually be easily distinguished from one produced by stone, as exemplified in Fig. 5 . The salivary stone is mainly composed of calcium carbonate or calcium phosphate and is not infrequently stratified. Because of the high concentration of lime, it may be picked up in the conventional roentgenogram unless overlapped by bony structures. A sialolith in the submandibular gland or Wharton's duct was clearly identified in the occlusal dental film in all the nine patients of the present material who were examined by the intra-oral method. Since water-soluble contrast media tend more accurately to delineate the contour of the stone than oily media, the present authors prefer Urografin 76 7<to the latter whenever sialolithiasis is likely. 
Sialoadenitides and sialoadenoses
Acute sialoadenitis. Sialography is undoubtedly contra-indicated in acute sialoadenitis, but the authors have not infrequently been obliged to perform sialography in a patient with an acutely inflamed salivary gland in order to rule out sialolithiasis. In none of the patients, however, did an exacerbation of signs and symptoms follow the sialography. Some patients even experienced some improvement. The changes in acute sialoadenitis, if present, are not conspicuous, or are only slight. Acute purulent sialoadenitis, if marked, may however produce detrimental sequelae to the duct system of the gland. Fig. 6 is a parotid sialogram of a 35-year-old man who suddenly developed painful swelling of the left parotid region in association with purulent discharge from the orifice of Stenson's duct 3 weeks prior to the sialographic examination. The acute inflammatory process and pus discharge promptly subsided on penicillin, when sialography was performed to rule out a sialolith in the Stensen's duct. The sialogram revealed ectatic changes in the parotid gland and irregularity of the wall and lumen of Stcnsen's duct but no sialolithiasis.
Chronic recurrent sialoadenitis. Recurrent sialoadenitis is not uncommon in patients with poor mouth care. Though the etiologic features of chronic recurrent parotitis in otherwise healthy subjects is still not fully clarified, it predominantly occurs in post-menopausal women, and in infants or children of both sexes (2) . Micro-organisms such as pneumococci, streptococci, and staphylococci, are frequently isolated from saliva from the affected gland (12) . In the present series, three of the patients were post-menopausal women and three were children. The duct system was only distended in two of the adults but in the third cystic pools of medium indicated gross destructive changes in the parenchyma of the parotid gland (Fig. 7) .
Recurrent parotitis in the infantile group usually responds well to antibiotics, especially penicillin, and recurrence may become less frequent and severe until, as the patient grows older, complete remission occurs. The sialographic changes in the infantile form were much less severe than those in the adult, and there was only slight irregularity in Stcnscn's and the intraglandular ductules in all three cases.
Sjogren's syndrome. Keratoconjunctivitis sicca associated with mucosal xerosis of the digestive as well as the respiratory tracts, rheumatoid arthritis and swelling of the parotid glands is called Sjogren's syndrome, the etiology of which has not been thoroughly elucidated. There were seven patients with the syndrome in the present series; they were all female, aged 38 to 60 (average 50.4 years).
Swelling of the parotid gland was evident in all but one patient and was bilateral in type. Sialography may reveal small cyst-like cavities scattered throughout the parotid gland, as shown in Figs 8 and 9 . Recurrent episodes of ascending infection of the parotid gland may occur in patients with Sjogren's syndrome, and characteristic roentgen appearances may be produced by this condition as well as by recurrent parotitis. It would appear, however, that the cystic cavities in Sjogren's syndrome are more uniform in shape and size than those in chronic recurrent parotitis in the adult.
The present material included five patients with keratoconjunctivitis sicca simplex or symptomatica with normal sialograms. Miscellaneous. Bilateral swelling of the parotid glands is not infrequently encountered in sarcoidosis and two such patients were represented in the present series. Both these patients had been treated with steroids and the sialographies proved to be normal.
Four patients of the present material had Mikulicz's syndrome (see ref. 11 and 19). Three of them had bilateral swelling of the parotid glands with eosinophilic granuloma of the lymph nodes at biopsy. The sialograms revealed slight irregularity of Stenson's duct and the intraglandular ductules but fairly normal appearance of the parenchyma. The condition of the fourth patient was identical with that reported by M IKULICZ in 1888, i.e, symmetric swellings of the parotid and lacrimal glands of unknown etiology. The contrast medium outlined a normal duct system throughout the enlarged parotid glands.
Marked dilatation of the salivary ducts unassociated with stone or stenosis of the ducts is rare. Fig. 10 is a left parotid sialogram of a 10-year-old girl who had slight swelling of the parotid region without purulent discharge from Stensen's duct. The duct was segmentally dilated in a 'bead' fashion, but the intraglandular ductulcs and the gland parenchyma appeared almost normal. Though Stenson's duct may be segmentally dilated in 'chronic recurrent parotitis of the adult type', such dilatation was less marked and more irregular than in two patients with 'segmental dilatations of Stensen's duct of unknown etiology'. Fifteen patients (eight females and seven males) had pleomorphic adenomas in the present material, all on one side. The average age of these patients was 47.1 (ranging from 20 to 74 years of age) when sialography was performed. Nine tumors arose from the parotid, six from the submandibular and none from the sublingual gland.
Of a large series of pleomorphic adenomas collected from the literature by RAUCH 84 7r were parotid, 8 7r submandibular and 0.5 7r sublingual in origin.
They also arose from sites other than the major salivary glands in 7.5 lj~of the material. A pleomorphic adenoma is characterized sialographically by a well-circumscribed filling defect or indentation in the salivary gland without leakage of medium into the parenchyma or the neoplasm. The defect, if still small, is sur- rounded by displaced ductules and parenchyma (Figs 11 and 12 ). As the mass grows larger the salivary gland as a whole may be displaced (Fig. 13) . The sialographic diagnosis of pleomorphic adenoma may be made with ease if the tumor is small and situated deep in the salivary gland but with some difficulty if it displaces the salivary gland as a whole; a large tumor adjacent to the salivary gland may frequently alter the position of the entire salivary gland (Fig. 14) .
Malignant tumors of the salivary glands are less common than pleomorphic adenomas. There are only three representative patients in the present series. Most of the malignant tumors occur in the sixth or later decades and are clinically characterized by rapid growth, poorly circumscribed margin of the mass due to its infiltrative nature, frequent association with neuralgic pain or, if a parotid tumor, facial palsy, and lymphatic or distant metastases.
The most important of the sialographic findings in malignancy is the leakage of medium from the eroded ductules into the tumor or the gland parenchyma ( Fig. 15 ). Such a leakage was observed in all the three patients with carcinoma but, on the other hand, in none of the fifteen patients of the present series with pleomorphic adenoma. Fig. 16 is a right parotid sialogram of a 70-year-old man with a large cystic tumor of the right infra-auricular region. Sialography revealed a cystic cavity which was found to contain pus. The growth was histologically a 'papillary cystoadcnoma lyrnphomatosum' (Warthin's tumor) and apparently belonged to the benign subgroup of sialomas. Leakage of medium into the cystic cavity was secondary to inflammatory destruction of the duct system rather than to infiltration by malignant cells. 
Tumors adjacent to the salivary glands (J){/ra-sialol/las)
Palpation of a swelling in the infra-auricular or submandibular region, even by a skilled hand, may not uncommonly disclose insufficient information as to whether it arises from the salivary gland or outside it. Sialography must then play an important role in the differential diagnosis, provided the mass is marked with a piece of flexible wire (Figs 12 and 17 ).
Most of the soft tumors such as lymphoma, lymphangioma or hemangioma produce little distortion or deformity of the salivary gland, even though they seem to encroach upon it. Hard tumors, on the other hand, may produce an indentation in the gland or even displace it as a whole.
Unlike the pleomorphic adenoma and other sialomas, para-sialomas little affect the total volume of the parenchyma of the gland, even though they may distort or displace it to a marked degree. This phenomenon is the most important of the sialographic findings upon which the differential diagnosis between sialoma and para-sialoma is based (Fig. 17 ).
